The activities of acid and alkaline phosphatases along with phosphorus content in leaves of European beech (Fagus sylvatica L.) were studied for a period
Introduction
Phosphatases (EC 3.1.3) are enzymes occurring in mammalian body fluids and tissues, microorganisms and plants, and catalysing the release of orthophosphate anions (Pi) from various types of organic phosphate compounds (dos Prazeres et al. 2004) . Phosphatases are divided into two groups: alkaline phosphatases (E.C. 3.1.3.1) with pH optimum values above pH 7.0 and acid phosphatases (E.C. 3.1.3.2) with pH optimum values below pH 7.0 (Duff et al. 1994; Vincent et al. 1992) . Plant phosphatases have little substrate specificity, and appear to be important in the production, transport, and recycling of phosphate (Duff et al. 1994; Vincent et al. 1992) . Alkaline phosphatase functioning as a phosphoprotein phosphatase was isolated from pea thylakoids (Kieleczawa et al. 1992) , and glycosylinositolphospholipid-anchored alkaline phosphatase was identified in the aquatic plant Spirodela oligorrhiza (Morita et al. 1996) . Acid phosphatases have been detected in several plant tissues such as seeds (dos Prazeres et al. 2004 ), fruits (Turner & Plaxton 2001) , bulbs (Guo & Pesacreta 1997) , roots (Sharma et al. 2005; Tejera Garcia et al. 2004 ), tubers (Gellatly et al. 1993 , coleoptiles (Pasqualini et al. 1997 ) and leaves (Shin & Kao 1997; Staswick et al. 1994; Tejera Garcia et al. 2004; Yan et al. 2001) .
Leaf phosphatases in several herbal plant species such as beans (Phaseolus vulgaris) (Tejera Garcia et al. 2004; Yan et al. 2001) , soybean (Glycine max) (Staswick et al. 1994) , rice (Oryza sativa) (Shin & Kao 1997), have been isolated and characterized. In some plants the increased acid phosphatase activity in leaves is often associated with phosphorus deficiency symptoms, and it has been suggested that leaf acid phosphatase could be used as a diagnostic criterion for phosphorus deficiency (MacLachlan et al. 1987 ). However, studies in beans do not support the major role of leaf acid phosphatase induction in regulating adaptation to phosphorus deficiency (Yan et al. 2001) . Increased activities of alkaline and acid phosphatases were also observed in leaves of okra (Abelmoschus esculentus) in the rainy and winter seasons (Sen & Mukherji 2004) . Acid phosphatase activity in tree species was studied in evergreens: Scots pine (Pinus sylvestris) (Kolari et al. 1995) and Karri (Eucalyptus diversicolor F. Muell) (O'Connell & Grove 1985) ; however, data about deciduous trees are limited (Müller-Starck & Starke 1993) . Moreover, studies on alkaline phosphatase activity in trees and tree leaves are hardly available, and in spite of intensive studies, the precise physiological function of plant phosphatases is difficult to define.
Therefore, the aim of the present study was to examine both the seasonal activities of acid and alkaline phosphatases and phosphorus content in leaves from different parts of the tree crown of European beech (Fagus sylvatica L.). Beech is a characteristic species of the mountainous areas of the temperate regions in Europe where it can be found in pure or mixed forests. In Bulgaria, the beech is an ecologically and economically important broadleaf species.
Material and methods

Site description and sample collection
Forty year-old beech trees (Fagus sylvatica L.) grown in the arboretum of the University of Forestry in Sofia were used for seasonal studies from the 30 th of April to the 30 th of October 2005. The site is located in the surroundings of Sofia, Bulgaria (latitude 42 • 42', longitude 23 • 20 , 560 m above mean sea level), and beech trees are not under any specific air pollution. The site of the sample area is 3.6 ha. Soil is alluvial, anthropogenic, well supplied with humus (2 m depth) and with good humidity. The main climatic characteristics of the site in 2005 are shown in Table 1 . Leaves were collected monthly at 10.30 h from the sun-exposed layer at two levels of the tree crown: low and middle. A sample of 10 fully developed leaves at equal distance from twig tip was collected from both levels of three beech trees.
Protein and enzyme extraction
Plant tissues were weighed and grounded (0.1:5 w/v) with pestle in an ice-cold mortar using 0.1 M borate buffer pH 8.5, thus providing maximal protein yield (Tzvetkova 1995) . After centrifugation at 10000 g for 10 min, the supernatant was used to assay protein content and acid and alkaline phosphatase activity.
Determination of phosphorus and protein content
The total phosphorus concentration was determined after digestion of dry leaf material using the molybdovanadate colorimetric method (Kitson & Mellon 1944) . One gram of dry leaf tissue was grounded, ashed (500 • C) and digested in 10 mL 20% HCL. A yellow complex was formed by phosphate after adding freshly prepared ammonium molybdovanadate reagent. After 30 min the samples were analysed by spectrophotometry at 410 nm. Protein content was estimated by the method of Bradford (1976) , using bovine serum albumin as a standard.
Acid phosphatase and alkaline phosphatase Acid phosphatase activity was determined by a modification of the assay described by Kolari & Sarjala (1995) . Assay mixture containing 0.1 mL of enzyme extract in 1.0 mL 0.6 mM p-nitrophenylphosphate (p-NPP) in 0.05 M acetate buffer pH 5.0 was incubated at 37 • C to estimate acid phosphatase. After 30, respectively 60 min the reaction was interrupted with 1 mL 1 N NaOH. Blank samples had the same content but 1 mL 1 N NaOH was added before the addition of the enzyme extract. 0.1 M borate buffer pH 8.5 was used to estimate alkaline phosphatase. Absorbance of the reaction was measured at 410 nm on a Perkin-Elmer spectrophotometer (sensitivity 0.001 Abs units). Phosphatase activities were assayed by measuring the amount of p-nitrophenol produced. Enzyme activities were calculated either as unit/fresh weight (FW) for acid phosphatase (nmol p-NP g FW −1 min −1 ) and alkaline phosphatase (µmol p-NP g FW −1 h −1 ) or expressed as specific activity for acid phosphatase (nmol p-NP mg protein −1 min −1 ) and alkaline phosphatase (µmol p-NP mg protein −1 h −1 ). 
Results and discussion
Phosphorus is one of the 17 essential elements required for plant growth, but frequently the most limiting element for plant growth and development (Vance et al. 2003) . Plant phosphatases and especially acid phosphatases are believed to be important for many physiological processes, including regulation of phosphorus efficiency (Duff et al. 1994; Yan et al. 2001 ). Extra and intracellular plant acid phosphatases can be induced by phosphate deprivation, salt and osmotic stress, seed germination, senescence or fruit ripening (Duff et al. 1994) . The present study monitors changes of both acid and alkaline phosphatase activities along with phosphorus content during the life cycle of beech leaves. ANOVA revealed significant variations of the total phosphorus concentrations in beech leaves during the vegetation season (F 6,30 = 100.23; p = 0.00001) regardless of the crown position of the leaves ( Table 2) . The phosphorus concentrations were highest in April; from May to October they decreased more than twofold compared to April (Table 2) . A slight but significant increase of leaf phosphorus content was observed in September in both the middle and lower part of the tree crown. The beech leaf total phosphorus concentrations were in the optimal nutritional limits, and were sufficient for normal growth of beech trees during the whole vegetation period (Pavlova & Rossnev 2006) .
Significant changes of the soluble protein were observed in beech leaves from April to October (F 6,28 = 8.573; p = 0.0001) as well as changes of the protein content of leaves with different position in the canopy (F 1,28 = 15.614, p = 0.0001) with an interaction between month and crown position (F 6,28 = 5.653; p = 0.001) ( Table 2 ). The protein content in the leaves collected from the middle part of the crown was lower from May to October as compared to April (p < 0.05), but showed a transient increase in August. The protein concentration in the leaves of the lower part of the crown decreased later on in June, compared to that in April and May (p < 0.05); however, it was higher in the period from August to October in comparison with the protein content in June (p < 0.05). In April and August, the protein concentrations in the leaves of the middle part of the crown were higher than in the leaves of the lower part of the crown (p < 0.01).
In general, the seasonal fluctuations of the biochemical parameters were more pronounced than the fluctuations due to leaf crown position. The only exception is the higher protein concentration of the middle crown leaves compared to the lower crown leaves in April and August. This observation might be explained by more intensive photosynthetic processes due to the greater sun exposure in the middle of the canopy (Hirose 2004) , and the intensive changes in nitrogen metabolism at the beginning and at the end of the vegetation period (Tzvetkova 1995) .
ANOVA revealed significant seasonal variations of acid phosphatase activity per unit fresh weight (F 6,28 = 3.0625; p = 0.0197) with no influence of leaf crown position (Table 3 ). The variations of specific acid phosphatase activities only tended to be significant (F 6,28 = 2.013; p = 0.07687). Acid phosphatase activity per unit fresh weight in the leaves of the middle part of the crown decreased significantly in May and July, compared to the enzyme activity in April (Table 3) . Acid phosphatase activity per unit fresh weight had a peak in August in both parts of the tree crown and thereafter decreased in September and October, but the ef-fect was not significant (Table 3 ). The increased acid phosphatase activity in beech leaves collected in April coincided with the beginning of the vegetation period and the need of high phosphorus supply of tree leaves. Acid phosphatases are also suggested to be responsible for internal orthophosphate mobilization and translocation from old leaves and vacuoles (Duff et al. 1994) . The peak of acid phosphatase activity at the end of August found in the present study before leaf senescence and fall in September and October supports such a role. Alkaline phosphatase activity per unit fresh weight and specific alkaline phosphatase varied insignificantly during the whole observation period; moreover, it was much lower than acid phosphatase activity, and in some cases was even near the detection limit (Table 3) . The low levels of beech leaf alkaline phosphatase activity observed in this study might be explained by low enzyme yield due to the method used for enzyme extraction.
The increase of acid phosphatase activity correlates with low phosphorus level in a number of plant species and plant parts, including leaves (Duff et al. 1994) . For tree species, Kolari & Sarjala (1995) established negative correlation between acid phosphatase activity and phosphorus concentration in current-year needles but positive correlation in older needles of Scots pine trees. From April to October 2005 we did not observe either negative or positive correlations between beech leaf acid phosphatase activity and phosphorus concentrations (r = 0.009) (Tables 2-3 ). In April, both the leaf acid phosphatase activity and the phosphorus concentrations were high, while in August, the acid phosphatase activity was high but the phosphorus concentrations were low. The lack of significant correlation might be due to the optimal nutritional phosphorus content in beech leaves.
